This paper explains the effects of monetary policy surprises on long-term interest rates and stock prices in terms of changes in expected inflation, real interest rate and dividend growth, and relates these effects to markets' perceptions of economic shocks and Fed's information set. We analyze stock and bond futures price co-movements and relate them to Treasury Inflation-Protected Securities (TIPS) data. The sign of long-term interest rate reactions is mostly driven by changes in expected inflation. The sign of stock price reactions is mostly driven by changes in expected dividend growth, but it is also sometimes determined by changes in expected real rates. The co-movements of long-term interest rates and stock prices are determined by the co-movements of expected inflation and dividend growth. The majority of Fed's interest rate surprises are expected to be followed by negative co-movements between inflation and output. This can be due to relatively more frequent "inflation" or "supply" shocks together with Fed's private information. Most Fed's actions are perceived as reactions to economic shocks rather than true policy shocks.
Introduction
How do central banks' actions on a short-term interest rate affect longer-term interest rates, inflation and output? This question is at the center of monetary policy analysis, as monetary policy is nowadays usually modeled as central banks' moving a short-term interest rate as a function of macroeconomic fundamentals in order to achieve a certain inflation objective and output stabilization. This paper explains the effects of monetary policy surprises on long-term interest rates and stock prices in terms of changes in expected inflation, real interest rate and dividend growth, and relates these effects to markets' perceptions of economic shocks and Fed's information set. These issues are crucial for central bankers and macroeconomists interested in understanding the formation of expectations and the monetary policy transmission mechanism from short-to long-term interest rates and wealth, as well as for traders willing to grasp the main value drivers behind stock and bond price revisions.
The literature on financial market responses to monetary policy actions has focused on estimating average responses of either bond or stock prices taken separately, and little is known on the factors driving those responses 1 . The difficulty is that in order to be able to understand what causes high-frequency reactions of one variable one has to find other variables of an at least as high a frequency. Our strategy is to examine bond and stock price high-frequency co-movements and relate them to high-frequency data on Treasury Inflation-Protected Securities (TIPS) in order to relate bond and 1 For example, Cochrane and Piazzesi (2002) , Gürkaynak, Sack and Swanson (2005b) and Kuttner (2001) analyze bond price responses, whereas Bernanke and Kuttner (2005) analyze stock price responses. Demiralp and Jorda (2004) examine the importance of turning points and intermeeting moves for bond prices, Fleming and Piazzesi (2005) suggest that the shape of the yield curve helps explaining different maturity bond yield responses, and Gürkaynak, Sack and Swanson (2005a) show that FOMC statements help explaining different bond maturities yield and stock price movements.
stock price movements to changes in expectations of inflation, real interest rate and dividend growth, and to learn about perceived causes and consequences of monetary policy surprises.
Analyzing bond and stock price co-movements provides much richer information than looking at averages, and different response patterns can be characterized. A priori, the common driver of stock and bond prices should be the real interest rate.
However, there are potential correlations between expected inflation and dividend growth due to current and expected monetary policy. Together with the use of TIPS data, this allows us to learn about the influence of different expectations on bond and stock price reactions as well as the expected co-movements of monetary policy objectives, i.e. inflation and output, following policy actions.
We find that the sign of long-term interest rate reactions depends mostly on changes in expected inflation, which most of the time reflect market adjustments to perceived Fed's superior information. The sign of stock price reactions depends mostly on changes in expected dividend growth -which however cannot be disintangle from changes in expected risk premium, but it is also sometimes determined by changes in expected real rates.
Further, we find that the co-movements of long-term interest rates and stock prices in response to policy surprises are determined by the co-movements of expected inflation and dividend growth. Considering stock prices and analyzing these co-movements allows us to empirically assess different explanations suggested in the literature regarding the long-term interest rate reactions to monetary policy surprises. We compare the empirical co-movements between expected inflation and dividend (output) growth to the co-movements implied by theory. Characterizing different cases and co-movement patterns, we find that data support the different explanations suggested; however, there is a certain type of market reactions that current theories cannot explain. Moreover, we can quantify the frequencies of different explanations as well as the frequencies of economic shocks, and we can characterize the policy surprises' implications for the joint changes in expected inflation and output. This is an addition to the literature that has focused on changes in expected inflation.
We find that the majority of Fed's interest rate surprises are expected to be followed by negative co-movements between inflation and output. This can be due to relatively more frequent "inflation" or "supply" shocks, together with Fed private information, and could explain the price puzzle in VAR analyses. Moreover, most Fed's actions are perceived as reactions to economic shocks rather than true policy shocks.
Section 2 characterizes the joint responses of bond and stock prices to policy surprises, section 3 relates bond and stock responses to changes in expected inflation, real interest rate and dividend growth, section 4 analyzes bond and stock co-movements and relate them to perceived causes and consequences of policy surprises, and the final section concludes. Poor's 500 Stock Price Index quoted on the Chicago Mercantile Exchange (CME) and 10-Year US Treasury Notes at the Chicago Board of Trade (CBOT). We extended our analysis with the 30-year US Treasury Notes futures contracts (also traded at the CBOT) and we also used different time granularities, specifically price reactions over 50-minute and daily time frames. For sake of presentation, we will show these additional findings when opportune. For more details on the data, see appendix A.
Although futures data are appropriate to capture market participants' expectations, there are at least two caveats to ponder. First, maturities on bond futures contacts do not always match those on the underling asset. The difference is however tiny.
Second, the stock and bond futures contracts considered in this study have four preestablished quarterly expiration times. This implies that the time interval between expiration and FOMC dates varies and it can also contain more than one FOMC meeting. In that case, the futures price reflects the market expectation of more (scheduled) monetary policy decisions.
We measure the surprise component of the change in the federal funds rate target using federal funds futures. Federal funds futures have traded at the Chicago Board of Trade exchange since October 1988 and settle based on the average effective federal funds rate that is realized for the calendar month specified in the contract. To measure the surprise component in the FOMC release, we follow the approach of Kuttner 
Characterizing bond and stock price responses
The first interesting fact is that, from First, the average co-movement between bond and stock prices is positive; this is due to the fact that most observations are in the bottom-left and upper-right quadrants, and that bond and stock prices co-movements are positive in these two quadrants, in contrast to the two other quadrants where co-movements are negative, as discussed below. This is already a value added relative to the literature that has estimated averages responses of bonds or stocks; although the estimated average response was negative for both prices, nothing could be inferred on their co-movements (i.e. on the slopes). Figures 6-9 show that the co-movements are different in each quadrant: the correlation is positive in the upper-right and bottom-left quadrants, and negative in the upper-left and bottow-right quadrants. Table 1 As done in the literature and for completeness, we also measure the average reaction of stock and bond markets to monetary policy surprises as
where ∆x t denotes the surprise component of the change in the federal funds rate target announced by the FOMC, ∆p i t denotes the change in the asset i (either stock (S) or bond (B) futures) over the intradaily or daily time intervals t explained in appendix A.1. Table 2 shows that estimated betas are slightly below minus 4 for the stock index futures and around minus 0.7 for bond futures. These numbers are in line with those in the previous literature, although the bond response is more significant here; this suggests that the reaction on Futures markets overall parallels that on underlying assets.
The drivers of bond and stock responses
This section assesses the causes of bond and stock price reactions to policy surprises. 
Concepts
Ten-year bond yields can be expressed as
where π t+j is the inflation rate and ξ t+j the term premium 2 . Cochrane and Piazzesi (2002) show that empirically the bond's term premium barely changes across short time intervals although it might vary within business cycles. Consistently, we assume that ξ t+j remains unchanged over intradaily and daily time frames. We thus assume that the expectations theory of the term structure holds and that there are no expected future excess bond return.
In order to measure change in expectations of inflation and real interest rates, we use TIPS data. The TIPS yield represents the interest rate in real terms priced by the market along with some possible risk premia. Thus, the difference between the nominal and the real yields gives us the following:
where i Those premia along with the stock risk premium (discussed below) would be negligible 2 We can express i
, as the present value of a continuously compounded bond is P 0 = F e −it where is the F face value. So, by taking logs and the first difference, we get ∆p 0 = −∆rt. Thus bond log returns and yield changes have a one-to-one (inverse) relationship.
in a risk-neutral environment. Another reason to ignore those premia is to assume that they remain unaltered in high-frequency domains. Furthermore, to check if illiquidity may have some bearing on our findings, we repeated all our tests over the sub-period 2000-2007. During this period, TIPS trading can be indisputably considered fairly liquid, especially around information events such as FOMC decisions.
These additional results are perfectly consistent with those based on the whole sample.
Thus, we approximate the revision in expected inflation as ∆i Stock prices can be expressed as
where d t is real dividend, r t is real interest rate, and e t is stocks risk premium or excess return. ρ comes out of a log-linear approximation procedure and is a number a little smaller than one (0.9962 in the empirical work of Campbell and Ammer, 1993) . By taking the first difference of price changes and adding the revisions in expected real interest rates ∆r 10 t that we recover from the TIPS data, we obtain an appoximation of the expected dividend growth net of the expected equity risk premium. We will henceforth refer to the net dividend growth (using the acronym "NDG"):
Appendix A provides additional details on data computations, and appendix B
shows data on changes in expected real rates, inflation and net dividend growth for each FOMC date. Tables 3 displays averages We further analyze the market reaction to monetary policy surprises with two additional methods: first, we calculate the correlations between asset returns and their value drivers; second, we perform a regression analysis. Table 4 shows the correlation matrices between stock futures returns ("SP"), bond futures returns (either 10-year or 30-year US Treasury Notes denoted by "TY" and "US", respectively) and their value drivers, i.e. revisions on expected inflation (DEINFL), real interest rates (DERR) and net dividend growth (NDG). The finding discernible in Table 4 The main idea behind the regression analysis is to estimate the contribution of the revisions in expectations to the revelation process triggered by a monetary policy surprise. Table 5 shows the regression results where the dependent variable is the daily return of futures prices on the S&P index, 10-year and 30-year US Treasury
Empirical analysis of asset value drivers
Notes. The explanatory variables are a constant, revisions in expectations on real interest rates ("DERR") and expected inflation ("DEINFL") for bonds, and on net dividend growth ("NDG") for stocks. The explanatory variables are used one after the other. This step-by-step procedure allows us to observe the contribution of each individual variable and to perform the variance decomposition. The LS regression for bonds are:
Where ∆p The LS regression for stocks are:
Where ∆p The main findings are that changes in expectations on real interest rates and inflation evenly contribute to the variance of bond price revisions, although the variance decomposition indicates that the bond return variance appears slightly more related to revisions in real rates. On the other hand, the revision in expected real rates has virtually no bearing on the stock reprising process due to monetary policy surprises.
The main stock market reaction is driven by changes in expected net dividend growth.
Differences between the averages presented in table 3 and variance decomposition results can be understood as follows. The questions we address in this section are which factors determine the joint reactions of stock and bond prices, and what can we learn from these co-movements about perceived monetary policy and economic shocks. As before, we proceed in two ways. First, we look at correlations between the joint stock and bond market reaction and their value drivers taken individually and jointly. As a measure of joint market reaction, we take the multiplication of stock and bond returns. Table   6 shows the correlation matrices between the joint stock and bond futures returns 
where y t is equal 1 if ∆p The main regression results are in Table 7 . As for the correlation analysis, the regression approach shows that co-movement between bond and stock prices is driven by co-movements between expected inflation and dividend growth.
Policy interpretation
Bond and stock price co-movements provide useful information on what drives market reactions at a given point in time, and how markets perceive the causes and consequences of monetary policy actions. The four different bond/stock price sign reaction combinations can be related to the literature in the following way.
Consider the case where the Fed Fund (FF) surprise is positive (a symmetric reasoning can be applied in the case of a negative FF surprise). Romer and Romer (2000) argue that in that case, an increase in long-term yields (i.e. a decrease in bond prices)
can be due to Fed's private information. A surprise increase in the FF rate means that the Fed has information that inflation will increase by more than what people had expected, thus inflation expectations increase and bond prices decline. This would correspond to our bottom-left and bottow-right quadrants. These two quadrants however display different relationships. In the bottom-right quadrant, bond prices decline whereas stock prices increase, and there is a negative relationship between both prices, i.e. the more bond prices decline, the more stock prices increase. In a New-Keynesian (NK) framework, this could be the consequence of a "demand" shock.
As markets interpret the increase in FF signaling information of higher output and inflation, long-term yields increase and stock prices increase as well given that dividend growth are expected to increase. The larger the shock, the more long-term rates increase (due to higher inflation) and stock prices increase (due to higher expected output growth). These types of shocks represent 20 percent of observations (for both surprise increases and decreases in FF).
In the bottom-left quadrant in contrast, both bond and stock prices go down, and there is a positive relationship between these two prices, i.e. the more bonds go down, the more stocks decline. In a NK framework, this could be the consequence of an "inflation" or "supply" shock. As markets interpret the increase in FF signaling information of higher inflation, long-term yields increase. However, stock price decrease as higher inflation means that the Fed is going to tighten policy; thus expected real rate increase, and dividend growth decreases, or at least increases slower (case of a positive shock that affects inflation more than output). The positive relationship between stock and bond prices means that the higher the inflation shock, the more negative output growth is expected to react as a result of a tighter monetary policy aiming at curbing inflation. These types of shocks are the most frequent with 37 percent of observations.
There are however cases when long-term rates decrease after a positive FF surprise. [However, the relationship between expected inflation and output is positive when the Fed reacts to output growth concerns or tries to pre-empt inflation developments.]
Reconciling press reports' interpretations with what could be inferred from a NK framework is left for further work.
Conclusions
Analyzing bond and stock price co-movements, together with TIPS data, thus helps understanding what drives these prices and relating the effects of monetary policy on long-term yields and stocks to expected inflation and output.
Assessing whether systematic relationships between market responses and states of the economy can be uncovered is left for future work. 
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Appendix B: Fed decisions and market reactions
This table shows the federal funds target rates in levels ("level") and in changes ("change"), monetary policy surprises calculated on the basis of the federal funds futures appropriately re-scaled ("Surprise"), the 30-minute price reactions in % of futures contracts on the S&P 500 index and 10-Year US Treasury Notes ("SP 30m"
and "TY 30m"). From 1997, it also shows the estimations for the revisions in expectations on inflation ("DEINFL"), on real rates ("DERR") and on net dividend growth ("NDG") on a daily basis. Bold numbers mean that intradaily data were not available on that date and these are replaced with daily figures. This table shows the average percentage revisions in expectations on inflation (DEINFL), real interest rates (DERR) and net dividend growth (NDG "day" and "30m" mean respectively daily and 30-minute intervals) conditional on the five cases representing the different joint reactions of stock and bond markets to (non-zero) monetary policy surprises. The case called "either sp or ty flat" refers to unchanged prices either on the stock or bond market. The case "sp & ty up" ("sp & ty down") refers to positive (negative) return on both markets. The case "sp up, ty down" ("sp down, ty up") refers to a positive (negative) stock return and negative (positive) bond return. Negative numbers are in bold. This table shows the correlation matrices between stock futures returns ("SP"), bond futures returns (either 10-year or 30-year US Treasury Notes denoted by "TY" and "US", respectively) and their value drivers, i.e. revisions on expected inflation (DEINFL), real interest rates (DERR) and net dividend growth (NDG). "30m" stands for 30-minute returns and "day" for daily returns. ** (*) means the rejection of the null hypothesis at 1% (5%) level that the correlation is equal zero. This table shows the regression results where the dependent variable is the daily return of futures prices on the S&P index, 10-year and 30-year US Treasury Notes. The explanatory variables are a constant, revisions in expectations on real interest rates ("DERR") and expected inflation ("DE-INFL") for bonds, and on net dividend growth ("NDG") for stocks. The explanatory variables are used one after the other. On the right-hand side, the variance decomposition shows the contribution to the coefficient of determination of each variable. "se" means standard errors. This table shows the correlation matrices between the joint stock and bond futures returns ("∆sp.∆ty"), individual value drivers (∆I, ∆r and ∆d which means revisions in expected inflation, real interest rates and net dividend growth, respectively) and their combinations ( ∆I.∆r, ∆r.∆δ, ∆π.∆δ and ∆π.∆r.∆δ) based on 30-minute and daily time intervals. ** (*) means the rejection of the null hypothesis at 1% (5%) level that the correlation is equal zero. This table shows to what extent the joint revision of expected inflation and net dividend growth at monetary policy announcements can explain the joint reaction of stock and bond markets. On the upper part, the table shows the results of LS regressions where the explained variable is the intradaily ("30 min") or daily ("Daily") stock futures return multiplied by the simultaneous bond futures return, the explanatory variables is a constant ("Const") and the multiplication of the revision in expected inflation and net dividend growth ("DEINFL*NDG"). The lower part of the table shows the Probit regression where the dependent variable is equal 1 if stock return multiplied to bond return is positive, 0 otherwise, and the explanatory variable (called "Binary") has a binary value that is 1 if DEINFL*NDG is positive, zero otherwise. "R-sq." and "se" mean R-square coefficients and standard errors. 
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